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The causes of this striking slowdown and the PRC's economic outlook have been the subject of much contention. Some blame the lower growth on the financial crisis and the debt problems facing the eurozone, expecting the PRC economy to be back on its high-growth track once the residual impact of the crisis fades. Others point to the accumulated structural issues underlying the development mode of the past decade, arguing that high-speed growth is unsustainable and predicting a shift towards a "lower gear" or a "New Normal" scenario.
A good understanding of the forces behind the PRC's economic growth prior to the financial crisis is essential to this debate. Neoclassical growth theory suggests that economic growth is driven by labor (an increase in a well-educated and well-trained workforce), capital, and productivity. According to our analysis (which will be discussed in detail later), the annual productivity growth (minus growth rates of factor inputs) reached 3.55% between 1978 and 2007, much higher when compared with the rate of 1.97% over the period [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Clearly, the PRC's productivity growth dipped in the wake of the financial crisis. The massive stimulus package and the discretionary macro-economic policies, which led to a boost in investment, had clearly played a huge role from 2008 to 2014.
Our analysis further reveals that the economic slowdown since 2008 is a result of the decrease in both labor and productivity growth rates. The cause of the former is readily explained by an aging population and more than 2 decades of widening coverage of compulsory education. A better understanding of what has led to the latter, therefore, is central to understanding the current slowdown in the PRC and the forecast of its future performance.
As such, this article first constructs provincial panel data between 1978 and 2014 based on a growth accounting model. To forecast the PRC's growth, it examines three aspects-technical efficiency, factor utilization efficiency, and allocative efficiency-to explain the regional and temporal productivity variations during this period. It then uses counter-factual analysis to reveal the causes of the PRC's productivity variations in recent years and recursively simulate the effects of a policy-promoted investment boom on growth. The article finds that, firstly, economic openness has a significantly positive impact on the technical efficiency of production, whereas income level has a significant negative effect as implied by convergence theory. Secondly, a significantly negative correlation is observed between the stock of inventory and productivity through the latter's influence on effective factor usage, while the opposite is observed between labor force involvement rate and productivity. Thirdly, through effects on the efficiency of resource allocation, government size, and investment rate both have significantly negative effects on productivity. Lastly, we conclude that the diminishing late-mover advantage and the growth in investment rate are all major contributors to the decline in the PRC's productivity since the financial crisis. Moreover, although the stimulusinduced investment surge has effectively offset the negative effects of the financial crisis on the PRC's growth, it is not conducive to productivity and consumption. The current economic slowdown does not seem to be a cyclical downturn that may soon be reversed. Indeed, further reforms are needed to stabilize the PRC's growth.
The main contribution of this article is as follows. First, it offers a comprehensive estimate of the PRC's national and provincial total factor productivity (TFP) over the period of 1978-2014 based on comparable data. 2 More specifically, it follows the principle of "considering under-utilization of factors as efficiency loss" and differentiates between the "amount of inputs" and their "production efficiency" as much as possible when assessing the TFP. Second, it determines the impact of technical, factor utilization, and allocative efficiency on the TFP with provincial panel data, which can help to simultaneously consider provincial and year fixed effects. The former is closely related to regional, specific time-invariant characteristics over years, whereas the latter reflects the cyclical effects on all provinces during the same period. Results from the panel can then be applied to reveal long-run effects of referred determinants on TFP when short-run cyclical shocks are controlled. Third, after assessing the annual labor resource level in different provinces, the article adopts two methods to calculate the TFP: one considers human capital stock, which is a measure of the quality-adjusted labor force, as labor input; the other takes only the working-age population into account, but considers human capital as a determinant of factor utilization efficiency. Finally, it performs a counter-factual analysis to analyze the PRC's post-crisis productivity variations to predict its long-term growth rate. It answers the question of whether the PRC's economic slowdown since the 2008 financial crisis is a cyclical downturn or a long-run trend.
It is worth mentioning that there are a variety of ways to estimate TFP, each with unique advantages and disadvantages. One strand uses upstream output as downstream input to capture the productivity transferred across supply chains and considers only the actual number of factors entering the production process. This method yields very accurate results only when stringent data requirements are met-a condition that is hard to satisfy in the current PRC. Another downside of this approach is that it does not distinguish between the potential and actual input usage. In this article, we evaluate the comprehensive utilization efficiency of potential human and physical capital input throughout the entire production process. We also consider under-utilization as efficiency loss, so the transfer from potential to actual input usage, and from actual input usage to final output are all included in the calculation. To investigate the factors determining productivity, we quantitatively compare comprehensive variation across provinces over time, taking into account provincialspecific characteristics during a given period and controlling possible effects of cyclical shocks. We believe that this is the best approach under data availability constraints.
The remainder of the article includes the following sections. Part 2 briefly summarizes the research on TFP, its estimation procedures, and the factors that determine its growth. Part 3 describes the analysis framework. Part 4 explains the selection of indicators and data handling, and then applies the orthogonal decomposition method to identify effects of such indicators on productivity. Parts 5 and 6 break down the causes of the post-crisis fluctuation in productivity and recursively simulate the effects of policy-induced investment boom on growth using counter-factual analysis. The final part concludes.
LITERATURE REVIEW 3
This section surveys two lines of literature: one on TFP and its estimation methods; the other on elements that impact factor utilization.
TFP and Estimation Methods
The term total factor productivity (TFP) has its origin in a 1766 article by Quesnay, which mentioned the word "productivity" for the first time, referring to the output generated per unit of input. Its conceptual framework was later established in Tinbergen's international comparison in 1942 . By linking the increase in output that cannot be explained by increase in input to TFP, Solow (1957) set up the grounds for productivity measures in his neo-classical residual growth model. Abramovitz (1956) referred to TFP as a "measure of our ignorance," pointing to the various sources of productivity growth that cannot be explained by the factor inputs. His work spawned a series of studies aiming to expand Solow's model, taking into account the measurement issue Abramovitz raised and relating the resulting TFP to technological progress with commonly held beliefs. 4 However, Solow's TFP measures remain to date the most widely used methods in the literature. Domestic scholars started to take notice of the PRC's TFP starting in the early 1980s, with Shi et al. (1985) one of the earliest examples. Systematic application of growth accounting theories and methods to measure technological advancement in the PRC, however, did not begin until the 1990s. Today, there are many studies on related topics. Generally speaking, most of them have focused on estimating TFP growth rates. Studies seeking to understand the change in TFP are relatively scarce.
Methodology is a central concern in obtaining TFP growth estimates. Theorists in this field are typically preoccupied with the merits of different production functions (i.e., which one more accurately describes the input-output production process) and uncovering their interlinkages. Empiricists, on the other hand, devote a large amount of effort to inferring the production process from input/output data. Several approaches are widely accepted in empirical studies, including Solow's 1957 growth accounting method, Farrell's 1957 deterministic production frontier, Aigner's 1977 stochastic production frontier, Charnes' 1978 data envelopment analysis, and Caves et al.'s 1982 Malmquist productivity index. All the available methods have pros and cons. However, the growth accounting method is perhaps the most appropriate for explaining the change in TFP (Barro and Sala-i-Martin 1995; Barro 1999 ).
Another issue is how to measure factor input; more specifically, how to calculate the physical capital stock and whether to take human capital into account when considering labor input. Research studying the PRC's TFP often centers on assessing the physical capital stock; most such studies use Goldsmith's 1951 perpetual inventory method (PIM). Yet a major point of contention exists with respect to the assumptions of the initial physical capital stock and the depreciation rate (Ren and Liu 1997) . In addition, opinions are divided as to whether or not different types of capital should be first assessed separately and then added to the total physical capital stock (Bai et al. 2006 (Bai et al. , 2007 or not (Zhang and Zhang 2003; Zhang et al. 2004; Perkins and Rawski 2008) .
One of the thorniest issues confronting scholars studying TFP is how to introduce human capital into the growth accounting model. It is indeed widely acknowledged that human capital accounts for an impressive economic rise (Mankiw et al. 1992) . However, to date, no consensus has emerged on the definition of human capital. The work of Lu et al. (2004) is one of the first PRC scholarly forays into this field. An even more complex issue concerns the impact of human capital on growth. Scholars distinguish between the roles of human capital as a factor of production, and one that affects the growth rate of TFP (Benhabib and Spiegel 1994; Wei and Zhang 2010) , both through domestic innovations (Romer 1990a) and by facilitating technological adoption and catch-up (Nelson and Phelps 1966) . In the former, the benefit of human capital is measured as a production process input, whereas in the latter its growth effects operate through input utilization efficiency.
Factors Affecting Productivity Rate
Empirically speaking, the estimates of TFP are sensitive to the choice of method, researchers' selection of indicators to proxy the input-output process, and possible measurement errors in the original data. Although work devoted to the systematic decomposition of TFP growth is scarce, scholars have looked at various areas in their attempt to explain the increase in TFP.
Many early studies sought to identify the source of TFP growth. For example, Arrow (1962) observed that productivity gains are achieved through learning-by-doing and spillovers. Romer (1990b) , on the other hand, labeled firms' research and development (R&D) as a major source of TFP growth. Other scholars further noted that increasing economic integration has facilitated technological spillovers through foreign direct investment (MacDougall 1960) and trade (Grossman and Helpman 1991; He 2007 ).
The allocation of production factors is of primary interest to scholars studying the PRC's TFP. As Jones (2011) noted, income differences across countries associated with resource misallocation are one of the most important developments in the growth literature of the last decade. Scholars including Banerjee and Duflo (2005) and Restuccia and Rogerson (2008) have made attempts theoretically and empirically to prove the linkage between misallocation and the income gap between low-income countries and their industrialized peers. Many believe that reforms and policy adjustments aiming to correct resource misallocation in the PRC have the capacity to unlock the country's huge growth potential (Hsieh and Klenow 2009; Brandt et al. 2012; Luo et al. 2012 ).
THEORETICAL FRAMEWORK AND ANALYSIS
This section offers first an explanation on how national and provincial TFP rates are estimated, followed by an introduction on ways of orthogonally decomposing TFP into several factors and an assessment of their marginal effects.
Methodologies for TFP Estimation
Of the many TFP estimation methods, the growth accounting approach is well suited for exploring the factors influencing TFP. More specifically, this approach assumes a production function reflecting the relationship between the output Y , physical capital stock K , and human capital stock H , which takes the form of We can rewrite the production function as
is the capital output ratio), from which we get
. Thereby we can compute TFP growth rate for given measures of output growth rate, capital-output growth rate
g , human capital growth rate, and share of capital income. This article adopts the second approach since the neoclassical growth model implies a constant capital output ratio at steady state. This approach assumes that the parallel growth in physical stock (accumulated by investment, which is part of output) to that of output is assured by TFP (otherwise one would assume that decreasing marginal product would reduce investment and accumulation of physical capital stock). In that sense, it would be better to attribute the growth in output resulting from such induced growth in physical capital to the TFP. The physical capital only augments economic growth when it grows faster than output, which means changes in capital output ratios or shifts of the growth path.
Determinants of TFP
TFP measures the portion of output not explained by the amount of inputs used in production. As such, the level of TFP (and, by extension, the efficiency of an economy's factor utilization) is determined by how intensely the inputs are utilized in production and how much output is generated per unit of input. In the latter, productivity gains can be attributed to technological progress and a range of other changes including economic, political, regulatory, and cultural developments. Regardless of the source, productivity growth is either reflected as an overall boost (technical efficiency) or an average increase via reallocation (allocative efficiency).
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We hence model TFP growth as a function of three groups of determinants: 1) variables that will improve technical efficiency and, in turn, boost overall productivity (hereafter Group 1 determinants); 2) variables that will boost factor utilization (Group 2 determinants); and 3) variables that will boost factor allocation (Group 3 determinants). The equation is expressed as follows: 
Data Source and Indicators
This section first discusses how we estimate the annual provincial TFP, and then explains our choice of indicators for the aforementioned three groups of determinants.
Provincial TFP
The first step in growth accounting exercises is to compute the capital income share, human capital stock, and output and physical capital stock in real terms using the most recent data. The detailed procedure works as follows. 
Annual Real Gross Regional Product (GRP) by

Annual Capital Income Share by Province
Growth accounting literature (e.g., Chen et al. 1988; Chow 1993; Chou & Li 2002) traditionally estimates the aggregate production function from which the share of capital income is derived. We find that this approach may not be applicable here for two reasons. First, such an approach produces a fixed share of capital income, which is empirically unlikely given that the time series we chose spans 36 years. Second, empirical investigations of aggregate production may be theoretically flawed as they treat capital as an independent variable (because the change of capital is closely associated with the rate of return, which, in turn, is largely affected by productivity). As Perkins and Rawski (2008: 6) observed, "in China and other nations that experience major economic or institutional reforms, the growth of capital is itself in part the result of acceleration in TFP growth."
Here we compute the capital income share based on data of output structure accounted in income approach. We exclude net production tax from the capital income share calculation because the taxable amount includes income from both capital and labor inputs, 7 expressed as follows:
depreciation on fixed assets +operating surplus = compensation of employees +depreciation on fixed assets +operating surplus α . 6 Principally speaking, so long as a single, fixed base year is chosen, price variation across provinces will have little effect on the final results. However, given the continuous adjustment made to the official data, the effect of provincial TFP determinants may not be accurately measured if we use time series expressed in prices of the previous year. As such, we pick 2005 as the fixed benchmark year, as opposed to the typical choice of 1952 or 1978, although our robustness analysis shows that choosing a different reference year (such as 1978) has no significant impact on the results. 7 This is a simplified assumption when detailed data on the tax burden of capital as well as labor are not available.
It is worth mentioning that the growth accounting method allows for the calculation of TFP only when the capital income share is fixed. However, it may be far-fetched to claim a constant provincial annual share of capital income (e.g., using the average of the annual capital income shares as a proxy) over a very long horizon (1978-2014) of rapid transformation. Such an assumption ignores the change in income distribution within and across provinces over time. For this reason, we only assume that the current year's capital income share is the same as that of the previous year. In other words, we use the mean of the capital income share of the t th and ( 1 t − )th year to calculate t th year's TFP growth rate for the i th province.
Annual Human Capital Stock by Province
The lack of a large-scale survey on educational attainment poses a challenge to directly measuring the provincial stock of human capital. In this article we opt to construct time-series of stocks of educational attainment for the provincial working-age population. We begin with the time-series estimates of age-specific population structure and average educational attainment years. Next we obtain the total years of education of the population in working age following UN standards (aged 15-64) by taking a weighted sum of the average years of schooling (weights are assigned to different age groups based on their size), which then is used as a proxy for human capital stock.
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The details of this procedure are presented below.
Step 1: Construct provincial population age structure. To date, the PRC government has conducted only six censuses and several population sampling surveys, the provincial age structure details of which are not disclosed to the public. While many demographic and sociological studies have attempted to present an accurate portrait of national population age structure, far fewer such endeavors have been made provincially. We believe that the dynamics of provincial population change over time are well described by the Markov process in which a given individual will either die (exit the economy), or move into the group one year older; at the same time, a group aged zero will be formed by newborns. In the absence of interprovincial migration, 9 it is feasible to infer historical and future patterns of provincial population age composition based on relevant data of a given year and every year's birth rate and age-specific mortality rates. Here we use the age-specific rates of mortality estimated by assuming underlying the above assumption is that the possibility of death for any particular individual in a given year is affected both by their age and specific risk factors present in that year (reflected in that year's crude death rate). 8 An alternative case that considers working-age people as those aged 20-60 delivers very similar results, which, though not reported for space limitation, are available upon request. 9 This assumption can be readily accepted when estimating national population structures since the number of emigrants and immigrants is negligible when compared with the PRC's domestic population. However, it may not be feasible to apply such an assumption provincially. Nonetheless, we make such a simplified assumption for two reasons. One is that detailed annual data on age-specific migrants (or more specifically, age-specific migrants by education levels) is not publicly available. The other is that migration (reallocation of population) itself may influence factor utilization efficiency and therefore should be included as a determinant of productivity. Consequently, here we make this assumption when estimating human capital stock, while adding variables of migration as determinants of productivity later.
Step 2: Estimate provincial age-specific education attainment. 10 We first measure the average years of schooling received by the working-age population (aged 15-64) based on individual data from the 2005 population census (the sample contains about 2.48 million people). Take, for example, the population group aged 35, which is denoted by 
Annual Physical Capital Stock by Province
Following Bai et al. (2006 Bai et al. ( , 2007 , we use the PIM to measure the annual provincial physical capital stock. We first compute the annual provincial physical capital stock (at 2005 constant price) for construction and installation, and that for equipment separately and then add them up to obtain the aggregate annual provincial physical capital stock. 14 10 We assume an education system where an individual starts school at 6 years old, receives 6 years of primary and 3 years of secondary education, 3 years of high school, 2 years of junior college or 4 years of undergraduate, and then 2 years of graduate education. Also, graduates from a certain educational level obtain all years of that level, while dropouts and those who have completed schooling without earning a diploma or alternative credential of that level obtain half the years (or, equivalently, assuming uniform distribution of dropouts for that education level 13 Note that here we actually assume no re-education experience for all individuals-no individual receives any further education once they start working. We believe it is an acceptable scenario for older people (e.g., aged 30 and above). Younger people (e.g., aged between 15 and 16), however, are far more likely to re-enroll some years after dropping out or pursue a higher level of education. That is, the average years of schooling of individuals aged 18 when surveyed in 2005 may be longer than that of individuals aged 15 in 2002 (though the former is the best representative of the latter). Nevertheless, we still make such assumptions for the following three reasons. First, the 15-64 age group is classified as working-age by the United Nations, and the commonly used dependency ratios are subsequently defined. This implicitly assumes that individuals over 15 do not re-enter the education system; otherwise this group will be excluded from the labor force (not willing to work). Second, the idea that individuals enter the work force at age 15 is roughly consistent with the PRC's education pattern. Most in the PRC start primary school at age 6, move on to secondary school at age 12, and then attain secondary education (compulsory) at age 15. Third, if we know the average age when people in each province start working (e.g., age 18), we can easily apply the aforementioned analysis to a different definition of working age (e.g., aged 18 to 64). In other words, we make such a simplified assumption owning to data limitations, but it can be readily modified when more data are available. 14 See Bai et al. (2006 Bai et al. ( , 2007 for more details. We update Bai et al.'s estimates with the latest data from the NBS website and most recently published yearbooks. Note that instead of summing the capital stock of construction and installation and that of equipment as done by Bai et al. (2006 Bai et al. ( , 2007 , we alternatively estimate the physical capital stock directly with annual aggregate investment data. We prove that these two approaches are theoretically equivalent if the deflator used for aggregate investment is the weighted harmonic mean of the deflators of construction and installation investment and equipment investment. However, they may be empirically different since the price index of aggregate investment includes those that can be grouped neither into construction and installation nor equipment. 
Factors of Changes in Productivity
As mentioned previously, the "residual" TFP measures the portion of output not explained by the amount of tangible, and therefore quantifiable, inputs used in production. As such, the growth of TFP can be attributed either to a raise in aggregate productivity (potential productivity), or an increase in input utilization rate, or more efficient allocation of factor input between different production sectors. In this article, we denote the three groups of determinants as "technical efficiency," "utilization efficiency," and "allocative efficiency," respectively. 15 We compare our estimates of these two series with those obtained by other scholars such as Perkins and Rawski (2008) and find them to be very similar despite the differences in data, estimating methods, and indicators. Only some minor differences exist in terms of years of beginning (possibly due to different assumption of initial physical capital stock) and ending (possibly due to data later modified by the NBS).
Specifically, Group 1 determinants (technical efficiency) act on the utilization of capital and/or labor inputs in different sectors simultaneously. Institutional quality (e.g., rule of law), technological progress (neutral, labor-augmenting, and capital-augmenting) and openness to the world economy are some well-studied examples. Economic catch-up (or "convergence") as reflected in income levels relative to the world frontier also falls in this category.
We introduce Group 2 determinants (utilization efficiency) for the following two reasons. First, although it is the flow of services from the capital stock and the people employed that make active contributions to the output, under-utilization of available capital and labor resource is in itself a loss of efficiency, which therefore should be captured by the estimated TFP. Hence, to fully separate the effects of the amount and the utilization efficiency of inputs, we recommend estimating TFP by considering all physical capital stock (whether used or not) and the entire working-age population (whether employed or not) as production inputs. Second, given that the demand-side factors influence the short-term utilization efficiency of inputs and the supply-side factors affect the amount of long-run available resources, it is only natural that we seek to separate the effects of the latter from the former.
Group 3 determinants (allocative efficiency) are well explored in the misallocation literature. Resource reallocation often affects factor utilization, given the productivity gap between, for example, government and households, state-owned enterprises (SOEs) and non-SOE firms, urban and rural areas, different industries, and investment goods and consumer goods sectors. 16 As the "reform dividends" literature (among other researches) observed, reallocation has been a major source of economic growth since the PRC's reforms. Therefore, even when sector-specific productivity remained constant, structural reforms could enhance overall productivity by changing the relative weight of different economic sectors. By choosing appropriate indicators such as government size, the share of state ownership, urbanization progress, and the weights of the primary and the tertiary sectors in the economy, it is possible to measure the effects of resource reallocation resulting from structural reforms.
We identified two major indicators associated with Group 1 determinants: 1) provincial income level (the catch-up indicator [CUI]), which measures the catch-up effect, defined as the natural logarithm of relative provincial lagged real GRP per capita to lagged real GDP per capita of the US (written as ln L. relativeGRP ); 17 and 2) the degree of foreign trade dependence, which reflects the level of openness and trade orientation of a provincial economy and its capacity to capture technology spillovers, defined as the ratio of exports and imports to GRP (written as ftd ). Imports and exports data used to calculate this indicator are expressed in US dollars (US$), 18 and thus 16 Significant productivity differences among these sectors are well documented in the literature. 17 US provincial GRP and national GDP are both valued in 2005 prices in US dollars. We first get the annual US$/yuan bid and ask rates based on data of the PRC's GDP respectively valued in yuan and US$ (both are in 2005 prices) from the UN data website. The data of provincial GRP per capita valued in yuan are then accordingly converted into those in US$. The annual GDP per capita data in 2005 prices for the US are calculated with data of GDP (from the UN data website) divided by data of aggregate population (from the OECD website). This means we always assume the US as the productivity frontier. Some may prefer to consider another CUI to be the productivity level for each province relative to the US. For simplicity's sake, we here follow Lucas (2009) to consider the CUI of relative income levels. The results with the alternative CUI of relative productivities, which are not presented here, though are available upon request, are similar. 18 The NBS website has published two data series of exports and imports since 1993: one is recorded according to the jurisdictions where the domestic firms are registered, while the other is classified by the commodities' region of origin and destination. We carefully compare these two series with data from the
Compendium of Statistical Data and Materials on 50 Years of New China and find that the former is
need to be converted into yuan (CNY). We make this conversion by first obtaining the annual US$/yuan bid and ask rates based on national layer data (the NBS website provides annual data on total imports and exports both in US$ and yuan).
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Group 2 determinants include variables that affect the level of output generated per unit of input through effective usage. We select two indicators. The first indicator is the provincial inventory stock, which measures the accumulation of non-productive capital, defined as the ratio of inventory stock to GRP (written as inventory ). We adopt an approach similar to that used to calculate the physical capital stock to assess the real inventory stock in 2005 prices. Data needed are gathered from the NBS website and the China Compendium of Statistics 1949 Statistics -2008 . The second indicator is the labor involvement rate, which measures the proportion of working-age population active in production, defined as the percentage of employed persons aged 15-64 (written as lir ). This indicator can be derived by multiplying the proportion of economically active persons (or labor force) in the working-age population (the labor participation rate [LPR] ) with that of employed persons in labor force (the so-called employment rate). In our opinion, the former mainly reflects the health status and working willingness of the PRC working-age population, whereas the latter mainly indicates how active they are in the economy; their products, here termed as the labor involvement rate, therefore show comprehensively the efficiency of potential labor input to actual labor input. Data on the total number of employed persons come mainly from the China Compendium of Statistics 1949 Statistics -2008 , complemented by information from provincial statistical yearbooks, statistical bulletins of human resources and social security development, and statistical bulletins of national economic and social development.
We only introduce human capital intensity _ princomp hc as a third indicator when wp tfp is used as a dependent variable. Human capital intensity as a composition factor is defined as the weighted average of age-specific education attainments of the working-age population, which can be calculated using the Principal Component Analysis (PCA) method. Specifically, we use the principal component as a proxy for human capital intensity.
The indicators for the Group 3 determinants include government size, the weight of SOEs in the economy, investment rate, industrial structure, urbanization, and migration. Government size and the weight of SOEs in the economy are two variables that measure the influence of government intervention on TFP growth. Investment rate measures the factor utilization difference between investment goods sectors and consumer goods sectors. Industrial structure measures the productivity gap between different economic sectors. Urbanization and migration measures the effects of factor mobility. more comparable with the compendium data and therefore choose it for combining the final series between 1978 and 2014. 19 It is worth mentioning that the way of obtaining the annual US$/yuan bid and ask rates for converting imports and exports are slightly from the way of those for converting provincial GRP. This is because we think the former is mainly related to tradable goods, whereas the latter is used for all goods (including tradable and non-tradable ones).
Government size is defined as the ratio of local government revenue to provincial GRP (written as govsize ).
20 Annual local government revenue data (in current prices) are collected from the NBS website (local government budgets and expenditures sector). Migration includes the rate of entrance (written as migratein ) and the rate of exit (written as migrateout ), 23 both of which measure the effect of interregional labor mobility on TFP growth. Data for these two indicators, which could at least partially correct the bias of assuming the lack of migration among provinces previously when calculating provincial human capital stock, come from several sources: those for the period 1978-1984 are from The Demographic Data Assembly of the People's Republic of China 1949 China -1984 those for 1985 -1991 are correspondingly collected from various issues of Almanac of China's Population for years between 1986 and 1991; those for 20 Measuring government size can be a daunting task. Some recommend the use of the ratio of local government expenditure to provincial GRP as a proxy. This method is not considered here for two reasons. First, these two measures are very similar since local government income approximately equals local government expenditure for all provinces in all years. The second is that part of the central government spending, such as funding for certain agricultural irrigation projects, targets only one or several provinces, and thus should be included into the local government expenditure of the benefiting provinces. Such detailed data are not publicly available and exploration in this area, though meaningful, is beyond the scope of this article. Therefore, we choose to ignore the nuances for simplicity. 21 Measuring the impact of non-budgetary expenditures (which also play a significant role in boosting local economic growth) on TFP, though important, is well beyond the scope of this article, due to the lack of comparable datasets. 22 An alternative is to define the economic weight of SOEs as their proportion of industrial output out of total industrial output. Both indicators only partly represent the relative size of SOEs in the PRC economy (measuring only the size of investment, in the former case, and the industrial output, in the latter, by firms large enough to be surveyed). 23 Note that both indicators contain inter-and intra-provincial migration. A much more reasonable way is to establish three indicators to distinguish between intra-provincial migration rate, immigration rate, and emigration rate. Unfortunately, we do not have access to the relevant data.
1992-2010 are from various issues of and County Level of Population Statistics in the
People's Republic of China for years from 1992 to 2010. 
Determinants' Effects on the TFP Growth
Given that the Hausman test confirms fixed effect models are better than random effect ones, we further use them to orthogonally decompose the above potential determinants on TFP growth rate in the following analysis.
We also test the stationarity of residuals in the fixed-effect regression to ensure that the estimates are reliable and co-integration relationship exists between the TFP growth rate and the potential determinants. 24 On the basis of the tests suggested by Wooldridge (2003) , we find that the fixed-effect regression continues to suffer from auto-correlation problems. We therefore report Newey-West standard deviations.
The hc tfp Approach
The first part (columns 1-4) of Table 2 presents the results when we adopt the hc tfp approach, namely estimating TFP growth rate when human capital is treated as a quality multiplier to adjust labor force. Column 1 includes all potential variables of the above three groups of determinants and shows how technical efficiency-related indicators, namely, income level ( ln ) L. relativeGRP and degree of foreign trade dependence ( ) ftd both have a statistically significant impact on TFP growth. The estimated coefficient on the former variable has the expected negative sign, as convergence to the productivity frontier naturally entails a slowdown of TFP growth in the larger economy. The coefficient on the latter variable has the expected positive sign, confirming the common belief that learning and adaptation of advanced technology associated with, and facilitated by, a high level of openness raise productivity.
The utilization-efficiency indicators, that is, the relative size of inventory stock ( ) inventory are found to have an expected negative impact on hc tfp ; whereas the labor involvement rate ( ) lir is found to have an expected, significantly positive effect on hc tfp . Indeed, an increase in inventory stock implies a decrease in the amount of output entering the production process, whereas a higher labor involvement rate means more working-age people entering the work force.
Allocative-efficiency indicators such as government size ( ) govsize have a significant negative effect as expected, whereas the economic weight of SOEs ( ) soe appears to have an insignificant effect. Slightly inconsistent with the commonly held belief, the results shown in column 1 suggest that state ownership may not necessarily reduce efficiency. One possible explanation is the choice of indicator. We proxy the weight of SOEs in fixed asset investment to that in the whole economy. Moreover, the insignificance of the corresponding efficiency may be a result of two opposing effects. As Bai et al. (2000) observed, SOEs have positive spillover effects. Such positive impacts on the economy could be offset by the well-documented negative impacts associated with monopolies and resource under-utilization. The observed insignificance may also be a result of the synchronous relationship influenced by a third factor (i.e., economic prosperity): an expansion of the state-owned economy and growth in productivity would be simultaneously observed during the economic boom.
Results of the investment rate ( _ ) inv rate , along with its square terms to show possible non-linear effects, indicate an insignificant inverted U-shape effect on hc tfp . The estimated coefficients for industrial structure ( prim and ) third , migration (migratein and ) migrateout , and urbanization ( ) urgr turn out to be statistically insignificant.
The statistically insignificant estimate of the square term of investment rate ( _ ) inv rate then suggests the omission of this variable in column 2. Moreover, given the missing migration data (migratein and ) migrateout for certain years (mainly since 2011) and the imperfect representation for the economic weight of SOEs ( ) soe , together with the insignificant impact of these three indicators (their estimated coefficients are close to zero), we recalculate the estimates when excluding these indicators. The results are shown in column 3. Clearly, the estimated coefficients in columns 2-3 are close to their counterparts in column 1, except for statistically significant estimates for the variable _ inv rate .
For an economy undergoing dramatic transformation, the PRC may have experienced significant structural changes within the time horizon under investigation . In other words, a certain determinant's effect on hc tfp may vary over time. An example is how "investment" could play a different role in different development stages: early on, investment (on infrastructure in particular) served to promote resource reallocation and productivity growth; however, it could prove to be detrimental in later stages when over-investment leads to a consumption imbalance. Hence in column 4 we focus on the 2001-2014 time period, which can be conveniently divided into two intervals of the same length before and after the 2008 crisis. We find similar values for the estimated coefficients. Under this approach, however, the degree of foreign trade dependence As previously discussed, human capital can be both viewed as a factor and a utilization efficiency determinant. Results obtained using the first approach are displayed in the first part of Table 2 (columns 1-4). The following section discusses results obtained when adopting the second approach. In other words, wp tfp is turned into an explained variable and human capital intensity ( _ ) princomp hc is entered as the utilization-efficiency variable. Results are shown in the second part of Table 2 (columns 5-7).
Clearly, human capital intensity ( _ ) princomp hc has a significant, positive impact on TFP growth ( ) wp tfp . In addition, although the effects of individual indicators on the TFP growth rates in parts 1 and 2 are similar, they are, however, more pronounced in the former. We use regressions to orthogonally decompose the effects of potential determinants on productivity because TFP as "a measure of our ignorance" to date has remained largely unexplained. Further, data limitation prevents us from directly revealing influences of these determinants. Human capital, however, can be more or less estimated, as we have done in earlier sections. We therefore adopt the hc tfp approach to decompose the causes of the PRC's post-crisis slowdown of productivity growth in the next section.
DECOMPOSING THE RECENT DECLINE IN PRODUCTIVITY GROWTH
Next we analyze the difference in TFP growth rate between 2001 to 2007 and 2008 to 2014, and then determine the extent to which the gap could be explained by the change in individual determinants before and after 2008 (see Table 3 ).
To be more specific, we first calculate the TFP growth rate (in the 27 Then we compare the mean values of these four indicators before and after 2008. Based on a given determinant's average effect on TFP growth (which is obtained applying the estimated coefficient from column 4 in Table 2 ), we next compute percentage of change in its rate after 2008 that can be explained by the change in a given determinant. As Table 3 clearly shows, the PRC suffered a drop (0.019) in TFP growth rate after 2008, about 95.08% of which could be attributed to the four growth determinants. 25 This implies lower productivity growth rates for the primary and tertiary industries. While the former is naturally expected, the latter may be partly due to its inclusion of some sectors with lower productivity such as public administration and social service institutions. 26 That is, the natural logarithm of relative lagged real GDP per capita of the PRC to lagged real GDP per capita of the US. For estimation methods and data source, see previous discussion. 27 We choose the 2001-2014 time horizon because it can be conveniently divided into two intervals of the same length: 2001-2007 (before 2008) and 2008-2014 (after 2008) . The four indicators are chosen because their estimated coefficients are statistically significant. For estimation methods and data source, see previous discussion. To further explore the PRC's post-crisis productivity variations, we conduct a counterfactual analysis (CFA) under a comparative static situation. In other words, to assess the growth effects attributable to a candidate determinant, we assume that only this particular determinant remains constant during the observing period and look at the "outcome" in the absence of its "intervention." The determinant's impact on TFP growth rate (i.e., its explainable percentage) is then estimated by comparing CFA predictions to actual observations. Let the candidate determinant be x , with the CFA predictions given by the equation β is the estimated marginal impact of x on productivity (which equals the estimated coefficient of x in column 4 of Table 2), and 0 x and t x stand for the original value of x and the value of x in a given year during the observing period, respectively. The "comparative static" analysis is so called to distinguish it from the later dynamic analysis, as this approach neglects the interactive effects among these determinants over time.
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Before proceeding further, it is useful to look at the combined effect of the four indicators on the TFP growth rate during 2008-2014. Figure 2 demonstrates this effect (the "without time trend" curve), calculated based on estimated coefficients from column 4 in Table 2 and values for the four indicators from 2008-2014, and its prediction when cyclical effects, namely the estimated time dummies from column 4 in Table 2 , are included (the "with time trend" curve). . 29 We cannot get corresponding estimators for time dummies at the national level, but their cyclical pattern can be approximated from those at the provincial panel (though most of them are statistically insignificant in all columns of Table 2 ). It is worth noting that the means of the indicators in Table 2 for the national time series and the provincial panel are not exactly the same; therefore, we show the actual observations on the left axis and the "with-" and "without time trend" curves on the right vertical axis in Figure 2 . This is to better show the trend of these curves without affecting the final conclusion. This further supports the validity of orthogonally decomposing effects of potential determinants with panel data as we have done in previous sections. The "without time trend" curve indicates that it is the long-run structural factors that are mainly responsible for the decrease in TFP growth rate during this period, rather than short-run cyclical factors. The differences between the "with-" and "without time trend" curves result from influences of policies (excluding investment stimulus) and many other factors during this period. In summary, the continued fast growth of the PRC economy relative to the US since the financial crisis has slowed down the convergence process. The changes in investment rate and the weight of the tertiary industry have combined to impede the continued improvement in TFP growth. Their negative influence has far outweighed the positive impact brought by the decrease in the weight of the primary industry. Had all four indicators remained constant at the 2007 level, the growth rate of the PRC's productivity would have risen by 0. 006, 0.009, 0.016, 0.018, 0.020, 0.023, and 0.026 in 2008, 2009, 2010, 2011, 2012, 2013, and 2014, respectively . Of all the three factors acting against growth in productivity, diminishing late-mover advantage as implied by higher relative income level is the primary culprit, followed by investment rate and the weight of the tertiary industry. Given that the PRC economy is set on an upward track, with relative higher growth rates than that of the US for years to come, the investment rate is likely to remain high and the tertiary industry will keep expanding in the short term. Consequently, the slowdown since 2008 will become an inevitable trend for the conceivable future. The need to find new ways to raise productivity is urgent and real. Policies to facilitate trade openness and the optimal allocation of resources, and support full employment are a good start to improve the PRC's productivity and long-term economic growth.
ROLES OF THE STIMULUS-INDUCED INVESTMENT SURGE
The massive stimulus package rolled out by the government in the wake of the 2008 financial crisis has had a discernable effect: the PRC economy has been able to continue to expand at a relatively fast pace in spite of the tumbling productivity growth. Our concern is with the role the package, and, in particular, the surge in investment induced by it, played in this process. In this section, we adopt a dynamic CFA to investigate how the interaction between investment rate ( ) inv_rate and other determinants affect TFP growth.
Again, we maintain the investment rate on construction and installation, as well as equipment, at the 2007 level while all other determinants take actual, observed values. We then calculate TFP growth rates and physical capital stock for 2008 based on the estimated coefficients in column 4 in Figure 3 consists of four charts comparing the growth rates of the economy, TFP, capital output ratio, and consumption with those predicted by CFA, respectively. Several observations from Figure 3 can be made. First, the rise in the investment rate has effectively mitigated the negative impact of the financial crisis on the growth of the PRC economy; its effect is most evident for 2009 and 2010. If the PRC had been able to maintain its investment rate at the 2007 level (41.24%) over the consecutive years, its annual economic growth rate would have dropped to 9.64%, 8.03%, 9.37%, 8.62%, 7.08%, 7.09%, and 7.01%, below the actual observations by 0.06, 1.37, 1.23, 0.88, 0.82, 0.71, and 0.29 percentages, respectively.
In addition, increasing the investment rate has a negative effect on the TFP growth rate in the same duration (cutting the TFP growth rates by 0.13, 0.33, 0.52, 0.61, 0.61, 0.66, and 0.67 percentages, respectively). Its effect on the capital input is the opposite (the capital output ratio rose by 0.31, 2.41, 2.56, 2.30, 2.23, 2.27, and 1.88 percentage points, respectively). The investment rate's impact on consumption, however, is less consistent. From 2008 to 2010, the increase in investment drove the growth rate of consumption down by 5.83, 7.48, and 3.12 percentage points, respectively, whereas the former's continued rise since 2011 was emulated by the latter (the consumption growth rate increased by 0.94, 3.05, 0.58, and 1.96 percentage points, respectively).
All in all, the investment rate experienced a sharp climb and remained at a high plateau between 2008 and 2014. Although it has alleviated the negative effects of the financial crisis, it does so by harming productivity improvement and impeding consumption growth. Moreover, it failed to retard the long-term slowdown of the PRC's economy.
CONCLUSION
The causes of the PRC's slowdown in the aftermath of the 2008 financial crisis and its economic outlook have been the subject of much contention. The answers have particularly important policy implications. Some believe that this slowdown is merely a cyclical downturn that may be soon reversed. Others consider it the start of a long-term structural trend. We find that the economic slowdown since 2008 is a combined result of a decrease in both the labor growth rate and the productivity growth rate. The cause of the former is readily explained by an increasingly aging population and more than 2 decades of widening coverage of compulsory education. A better understanding of what has led to the latter, therefore, is central to understanding the PRC's current economic slowdown and forecasting its future performance.
Previous studies that employed a variety of methods to survey the PRC's TFP at sectoral, regional, and national levels based on available data sought to trace different sources of TFP movement, including those that link "reform dividends" to post-reform economic growth. However, model uncertainty and the challenges researchers face in selecting and handling data hamper TFP estimation consensus. Building on studies that investigate the source of potential TFP growth, we first select a series of robust indicators, construct comparable time series from historical records, and then estimate the provincial and national TFP. Next, we examine three aspects-the technical efficiency, utilization efficiency, and allocative efficiency-to explain the evolving pattern of the PRC's productivity growth based on the orthogonal decomposition method using panel data, which allows controlling for both regional and year fixed effects. Finally, we apply counter-factual analysis to decompose the national factor utilization movement from 2008 onward, and simulate the effectiveness of the stimulusinduced investment surge as a tool in mitigating the impact of the financial crisis.
The results suggest that, in terms of technical efficiency, both economic openness and relative income levels have an expected significant impact on productivity, although the former has a positive effect and the latter has a negative effect. In addition, a significantly negative correlation is observed between inventory stock and productivity through the former's influence on effective factor usage, while the opposite is observed between the labor force involvement rate and productivity. As for indicators acting on factor utilization, both government size and investment rate have significantly negative effects on productivity; weights of the primary and the tertiary industries tend to be negatively correlated with productivity growth. State ownership and population migration, however, show no statistically significant effects. Lastly, a decrease in latemover advantage and growth in the investment rate are both major contributors to the recent decline in the PRC's productivity growth since the financial crisis. Moreover, although the stimulus-induced rise in investment has effectively mitigated the negative effects of the financial crisis on the PRC's growth, it is not conducive to the growth of productivity and consumption. Therefore, we believe that the PRC economy will continue to slow down in the conceivable future. Policies that facilitate trade openness and optimal resource allocation, and support full employment are a good start to improving the PRC's productivity and, thus, its long-term economic growth.
This article is certainly not devoid of flaws. For example, we still rely on historical data. We choose to ignore the nuanced effect of migration when we estimate human capital stock and working-age population. Moreover, we consider a sub-optimal method of econometric regression analysis to identify determinants of productivity; the regression results we obtained are better suited to describe the correlation (instead of casualty) between TFP growth rate and the indicators we choose. In addition, our counter-factual analysis conveniently ignores the effect the interaction between determinants (except the investment rate) could have on TFP growth rate. The issues outlined above could all be interesting directions for future research.
